INTRODUCTION
Colorectal cancer (CRC) is the third most common cancer type in men and the second in women, consi dering 1477402 new cases in both sexes in 2015 [1] . In that same year, Brazil was the tenth country with the highest CRC incidence, with 37167 new cases in both sexes [1] , and making matters worse, its incidence and mortality continue to increase in the country.
Both genetic and environmental factors cause CRC [2] , especially when combined [3, 4] . Interestingly, these factors are ample and they vary pursuant to the cancer geographical regions [5] . However, inherited susceptibility is a major component of CRC predisposition, with an estimated 12%35% risk attributed to genetic factors [68] . In relation to genetic factors, there are several mutations that might occur in human DNA, such as substitution, insertion, and deletion [9] . The second most abundant form of genetic variation in humans, after single nucleotide polymorphisms (SNPs), are the insertiondeletions (INDEL) [10] . INDELs are important because they are common genetic variations within genomes and among different ethnic groups [11, 12] , that may alter human traits and cause diseases [10, 13] , including CRC [14] , by modifying the coding region [10, 13] or mRNA stability [15] . The polymorphisms investigated in this study exhibit common features, given they are all functional polymorphisms that alter the expression of genes participating in metabolic pathways associated with carcinogenesis. Also, these genes are associated with different types of cancer with high incidence in the Brazilian population, such as stomach and CRC.
Furthermore, allele frequency varies among differ ent populations [16] , and genomic ancestry distribution may influence cancer development [17, 18] by affecting polymorphisms distribution [19, 20] . Few studies have been evaluated INDEL association in CRC in admixed population, mainly in Brazil. Thus, the aim of this study was to determine the association between CRC risk and prognostic followup with 16 INDELs in genes involved in apoptosis signaling (CASP8), GTPaseactivating (SGSM3), steroids metabolism (CYP2E1, CYP19A1, and UGT1A1), immune system (HLAG, IL1A, IL4, and NFKB1), MDM2P53 pathway (MDM2 and TP53), DNA replication and repair (TYMS and XRCC1) and angiogenesis (UCP2 and ACE) in an admixed population from Rio Grande do Norte state (in the Northeast Region of Brazil).
MATERIALS AND METHODS

A statement of ethics
The protocol used in this study was approved by the Research Ethics Committee of Liga Norte Riogran dense Contra o Câncer (Rio Grande do Norte, Brazil) by number 211/211/2011. Moreover, all participants signed a consent form prior to providing a blood sample.
Casuistic distinctions
The patients in the case group (n = 140) were diagnosed with CRC as primary cancer and treated in the Proctologist Clinic and Colorectal Surgery Department of Liga Norte Riograndense Contra o Câncer (Rio Grande do Norte, Brazil). The control subjects were cancerfree blood donors (n = 140) from the hemotherapy service (Hemovida, Rio Grande do Norte, Brazil) and were recruited in 2014.
Both Peripheral blood samples and questionnaire answers were collected from all subjects. The clinicopathological data were obtained by consulting the patients' clinical charts, intraoperative documentation, and pathology scoring. Furthermore, the CRC patients were followed up to 20 years by medical records.
Definitions
Alcohol consumption was classified as having the habit of alcohol consumption (Yes) or not having the habit of alcohol consumption (No). The subjects who have the habit of consuming alcohol were subcategorized according to consumption frequency (Eventually: ≤ 3 d per month; Frequently: > 3 d per month). The tobacco consumption was classified as have already smoked (Already) or not (Never). The subjects who have already smoked were subcategorized in Former (Stopped smoking for at least 1 year) and Current.
Tumor location was classified as rectosigmoid (sigmoid colon and rectum) and colon (ascending, transverse and descending colon) based on colonoscopy or on radiographic exam. The relapse records were obtained from histological or radiographic exams with subsequent clinical/radiological progression.
Overall survival was defined as the time from the date of surgery to the date of death or the date of the last followup of patients who were still alive. The relapse time was defined as the time from the date of surgery to the date of the first local. Patients with no local or distant relapse evidence at the date of death or the date of the last followup were censored.
DNA extraction and quantification
Genomic DNA was extracted by using a DNA extraction commercial kit, QIAamp DNA Blood Mini Kit (Qiagen, Hilden, Germany), and quantified with Qubit ® 2.0
Fluorometer (Invitrogen, Carlsbad, CA, United States).
Polymorphism selection
Recently, INDELs have been the focus of multiple investigations [2125] . This type of polymorphism pres ents interesting features as genetic markers: (1) INDELs are spread throughout the human genome; (2) INDELs derive from a single event (they do not present homoplasy); (3) since the allele frequencies of many INDELs are significantly different in separated populations; (4) small INDELs can be analyzed using short amplicons, which improves the amplification of degraded DNA and facilitates multiplexing; and (5) INDELs can be easily genotyped with a simple dye labeling electrophoretic approach. Furthermore, all these genes evaluated in the present study show potential activity in pathway and may contribute to the carcinogenesis process (Table 1) . Their genetic variations could contribute to: (1) risk of developing CRC; (2) impact on treatment response; or (3) in prognosis.
Genotyping of polymorphism
Multiplex PCR was used to simultaneously amplify the 16 investigated markers, as shown in Supplementary For fragment analysis, we used capillary electr ophoresis on the ABI 3130 Genetic Analyzer instru ment (Life Technologies). 1.0 μL of PCR product was added to 8.5 μL of HIDI deionized formamide (Life Technologies) and 0.5 μL of GeneScan 500 LIZ pattern size standard (Life Technologies). After data collection, package v.3.1.2 [26] . Differences between groups were considered significant at P < 0.05.
RESULTS
Demographic characteristics
We analyzed 140 subjects with CRC and 140 cancer free individuals. The demographic characteristics of participants were summarized in Table 2 , which shows demographic features of the groups. Regarding genomic ancestry, significance was observed with the distribution of African ancestry (P = 0.049), Table 3 . However, there was no difference between groups when an analysis of multinomial logistic regression was performed.
Distribution of genotypes associated with susceptibility to CRC
All INDEL polymorphisms are in HardyWeinberg equilibrium (P > 0.05). The genotypic and allelic frequencies of the subjects are presented in the Table 4 . Genotypic frequency (P = 0.01) of IL4 gene polymorphism was significantly different between casecontrols, and higher frequency of Del allele were observed in cases than in controls.
The significant logistic regression analyses betw een casecontrols are summarized in Table 5 . Del allele polymorphism in IL4 gene (P = 0.0110) was associated with an increased risk of CRC development, while Ins allele in UCP2 (P = 0.0210) was decreased samples were analyzed on the GeneMapper ID v.3.7 software (Life Technologies).
Analysis of genetic ancestry
Genomic ancestry analysis was performed based on the method described by Santos et al [25] CRC risk. Furthermore, the Del allele in the TYMS (P = 0.0120) gene was associated with decreased CRC risk.
Statistical analysis
Distribution of genotypes associated with prognostic follow-up in CRC
The baseline characteristics of CRC patients are summarized in Table 6 . The followup time median was 5.28 years among 78 patients who had complete genotype and followup information. The 5year free relapse rate was 70% and the 10year freerelapse rate was 66.4%. The 5year survival rate was 91.4% and the 10year survival rate was 87.9%. We also evaluated the genetic impact in the clinical features. The Del allele in NFKB1 and CASP8 were associated with more incidents to colon than rectosigmoid (Table 7) . In relation to the INDEL association with TNM stage risk, the Ins alleles of ACE, HLAG and TP53 (6 bp INDEL) were associated with a higher TNM stage (Table 8) . Regarding the INDEL association with relapse risk, the Ins alleles of ACE, HLAG, and UGT1A1 were associated with relapse risk, as well as the Del allele of TYMS (Table 9 ). Moreover, these findings corroborate those observed in the freerelapse survival curve (Figure 1 ). Regarding INDEL association with death risk, the Ins alleles of SGSM3 and UGT1A1 were associated with death risk (Table 10) .
DISCUSSION
Despite the effective strategies for prevention, early detection, and treatment [2732] , there are ethnic differ ences in the CRC incidence and survival [33, 34] , specifically in individuals with African American ancestry, who have higher CRC incidence and lower 5years survival rates than other ethnic groups [3338] . In this work, we evaluated the association between 16 INDEL [ACE, CASP8, SGSM3, CYP19A1, CYP2E1, HLAG, IL1A, MDM2, NFKB1, TP53 (16 and 6 bp), TYMS, UCP2, XRCC1, IL4 and UGT1A1] and the risk of developing CRC in a Brazilian population, as well as their clinical features. We found significant association between three investigated INDEL polymorphisms and CRC risk, two associated with anatomical localization, three associated with TNM stage, four associated with early relapse risk, and two associated with death risk before 10 years.
Variations in the IL4 activity or in the IL4 receptor due to mutations have been associated with cell proliferation and might affect signal transduction path ways in cancer [39] . We evaluated INDEL of 70 bp in intron 3 of the IL4 gene (rs79071878), a variation which may influence the production of this cytokine. The higher IL4 production may result in diminished cell mediated immune response, and escape from immune surveillance in the tumor cells. The cellmediated immune response may be inhibited by downregulating the expression of Th1 cytokines, decreasing the CD8+ Tcell response in the tumor microenvironment [3941] . Furthermore, this INDEL has been associated with gastric cancer [39] and other immune diseases [42, 43] .
However, this is the first study indicating an association between this IL4 polymorphism and the risk of developing CRC. Our results indicate that the Del allele in IL4 was associated with the risk of developing CRC.
The TYMS gene plays an essential role in the biosynthesis of the DNAcomponent thymidylate (dTTP) and is required for DNA replication and repair [44] .
The insertion of 6 bp in the 3'UTR of TYMS primary transcript (rs151264360) may significantly influence gene expression as shown by using a luciferase assay [15] . Mandola et al [15] observed that a Del allele might decrease the TYMS mRNA stability, and the TYMS protein expression. Moreover, Rahman et al [45] showed in vitro that TYMS overexpression might induce the transformation of mammalian cells into a malignant phenotype. Studies indicate that this INDEL is associated with many cancers [4649] , especially colorectal [48] . These results suggested that this INDEL variation might decrease CRC risk, as showed in the present work. However, this finding diverges from data from Mexico [50] , in which association was not observed. On the other hand, our results showed that this Del allele was associated with an increase relapse risk.
Uncoupling proteins (UCPs) are a family of mitochondrial proteins, which were originally reported to play essential roles in reducing the reactive oxygen species [51, 52] . UCP2 plays a role in carcinogenesis in various tissues, including colon cancer, and regulates the responsiveness of carcinomas to chemotherapy [5356] . Adaptive mechanisms of cancer cells include resistance to tumor growth inhibition and evasion of apoptosis, and cellular events that are appreciably affected by oxidative stress [57, 58] . The UCP2 expression level is significantly higher in colon cancer tissue than in its adjacent tissue and UCP2 may play a role in intestinal epithelial cells from benign to malignant transformation [59] . However, the role of UCP2 in development of colon cancer is unclear. INDEL polymorphism may regulate UCP2 mRNA stability via posttranscriptional modification of UCP2 protein expression [60, 61] . Indeed, in the present study was observed that INDEL polymorphism might be associated with colorectal cancer. However, this is the first study indicating an association between this UCP2 polymorphism and the risk of developing CRC.
The reninangiotensin system (RAS), which regu lates systemic blood pressure, also exerts local effects on cell proliferation, apoptosis, inflammation and angiogenesis in different tissues [62] . In addition, there is evidence linking the RAS with tumorigenesis and tumor angiogenesis [63] . The polymorphisms in the various components of the RAS that may possess clinical relevance [62] , and the most common polymorphism in the gene encoding angiotensin converting enzyme (ACE) is INDEL of a 287bp fragment in intron 16 and is responsible for the interindividual variation in the ACE levels in blood and tissues [64] . The insertion allele in this gene was associated with ACE levels, the rate of disease progression, shorter TTF, and lower circulating levels of ACE [62, 65] . This INDEL has been associated with cancer risk susceptibility [6668] , including CRC [65, 68] , and with response to bevacizumab [62] . Our results indicate that Ins allele was not associated with CRC risk development, as showed by Yang et al's meta analysis [69] and Liu et al [70] casecontrol study (241 cases and 299 control, China). On the other hand, our results also showed that this INDEL was also associated with TNM stage risk and relapse risk.
The HLAG is an important immunomodulatory mole cule related to several mechanisms of tolerance [71] . Since the discovery of the HLAG protein expression in cancer [72] , several pieces of evidence have supported a considerable role for HLAG in tumor cell escape from immunosurveillance and antitumor immune responses [73] . The 14 bp INDEL (rs371194629) has been suggested to have functional significance. The Ins allele has been shown to be associated with alternative splicing, resulting in deletion of 92 bp in exon 5 from mature mRNA, which then leads to low levels of soluble HLAG (sHLAG) [74] . Furthermore, our results indicated that the Ins allele was associated with a higher TNM stage and relapse up to 5 years.
These findings suggest that low levels of sHLA-G might influence in poor prognostics.
UGT1 is a family of membranebound enzymes involved in the inactivation and elimination of lipophilic molecules through glucorination. Moreover, variants in this gene have been shown to be useful tools to identifying patients more likely to experience severe toxicity related to irinotecancontaing regimens [75] . In particular, INDEL variants in UGT1A1 (rs8175347) were associated with significantly decreased glucuronidation activity, which results in reduced SN38 clearance [76] and an increased risk of these toxicities in patients homozygous for the Ins allele [75, 7780] . Our results
showed that the Ins allele in UGT1A1 was associated with early relapse risk, as well as with death risk prior to 8 years. This genetic variation may identify patients who might benefit from increased irinotecan dosing, as observed by Chen et al [75] . The SGSM3 belongs to a novel protein family consisting of three members and appears to be associated with small Gprotein coupled receptor signal transduction pathways, and could control cellular functions by a Rasmediated signaling pathway [81] . Studies have linked Rab dysfunction to various human diseases including cancer [82, 83] , and our results have shown that the Ins allele might also be associated with death risk prior to 8 years.
The aims of this study were to determine the association between CRC risk and the clinical features with 16 INDEL in genes involved with carcinogenesis pathways in an admixed population from Brazil. Although we have achieved our goal, there are limitations regarding sample number. We suggest, therefore, that an extensive study should be conducted in the Brazilian population to confirm the findings, as well as in other admixed populations.
In summary, the present work indicates that polymorphisms in ACE (rs4646994), TYMS
, and SGSM3 (rs56228771) genes were associated with CRC risk and clinical features in an admixed population. These data suggest that this cancer panel might be useful as a complementary tool for better clinical management, and more studies need to be conducted to confirm these findings.
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